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(57) A method for rendering 3D audio is provided.
The method includes: obtaining a to-be-output audio sig-
nal, wherein the to-be-output audio signal comprises one
or more audio layers; selecting a to-be-filtered audio layer
from the one or more audio layers; selecting a rendering
Head-Related Transfer Function, HRTF, from a data-
base of HRTFs; applying the rendering HRTF to the
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to-be-filtered audio layer to generate a filtered audio lay-
er, such that the to-be-output audio signal comprises the
filtered audio layer and is a 3D audio signal. In this way,
3D effects are only applied to specific audio layers of an
audio signal, thereby efficiently rendering 3D audio with-
out unnecessarily impacting the timbre of the audio sig-
nal.
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Description
FIELD OF THE INVENTION

[0001] The following disclosure relates to methods and
systems for rendering 3D audio using one or more Head-
Related Transfer Functions (HRTFs). HRTFs are used
for simulating, or compensating for, how sound is re-
ceived by a listener in a 3D space. For example, HRTFs
are used in 3D audio rendering, such as in virtual sur-
round sound for headphones.

BACKGROUND

[0002] HRTFs (Head Related Transfer Functions) de-
scribe the way in which a person hears sound in 3D and
can change depending on the position of the sound
source. Typically, in order to calculate a received sound
y(f, 1), a signal x(f, t) transmitted by the sound source is
combined with (e.g. multiplied by, or convolved with) the
transfer function H(f).

[0003] Detailed and technically correct HRTFs can
provide a high sense of externalisation and immersion
by accurately simulating the virtual location of a sound
such that the listener perceives the rendered audio as
they would hear 3D audioinreal life. HRTFs are individual
to each person, and can described as a sum of different
factors dependent on the sound source and the individ-
ual, factors such as the size of the head and shape of
the ear. Accounting for as many of these factors as pos-
sible is necessary to produce the most accurate HRTF,
however determining such complex HRTFs and using
them to render 3D audio is both computationally demand-
ing and can negatively impact the timbre of the rendered
audio.

[0004] Accordingly, it is desirable to provide a more
computationally efficient way of rendering 3D audio ac-
curately for a user, without impacting the timbre of the
rendered audio.

SUMMARY OF INVENTION

[0005] According to a first aspect, the present disclo-
sure provides a method for rendering 3D audio, the meth-
od comprising: obtaining a to-be-output audio signal,
wherein the to-be-output audio signal comprises one or
more audio layers; selecting a to-be-filtered audio layer
from the one or more audio layers; selecting a rendering
Head-Related Transfer Function, HRTF, from a data-
base of HRTFs; applying the rendering HRTF to the to-
be-filtered audio layer to generate a filtered audio layer,
such that the to-be-output audio signal comprises the
filtered audio layer and is a 3D audio signal.

[0006] The to-be-output audio signalis an audio signal
intended for playback to a user and includes one or more
audio layers. The audio layers are different assets or el-
ements which make up an audio signal, for example a
to-be-output audio signal may comprise audio layers cor-
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responding to music or a soundtrack, audio layers cor-
responding to sound effects such as objects moving and
footsteps, and audio layers corresponding to dialogue.
The "audiolayer corresponding” meaning that if the audio
layer corresponding to a soundtrack was isolated and
played, or if an audio signal only including the audio layer
corresponding to the soundtrack was played, then only
the soundtrack would be heard. Multiple audio layers in
the audio signal may be played simultaneously and so
are audible at the same time when the audio signal is
played back - i.e. the sounds of the different assets or
elements making up the audio signal are layered on top
of each other. The to-be-output audio signal being a 3D
signal means at least one audio layer of the signal is
rendered in 3D such that, when the to-be-output audio
signal is played to a user, the user will perceive the audio
layer as originating from a specific virtual location.
[0007] By using the method of the first aspect, a ren-
dering HRTF is only applied to specific audio layers of
the to-be-output audio signaland an HRTF does not need
to be applied to the entire audio signal, thereby rendering
a realistic 3D audio signal while using less processing
resources, and without affecting the timbre of the audio
signal unnecessarily.

[0008] The method may be performed in real-time, this
is particularly desirable when the method is rendering 3D
audio for a video game or a virtual reality application due
to the dynamic and interactive nature of these applica-
tions. For example, the method may obtain a to-be-output
audio signal, select a to-be-filtered audio layer, select a
rendering HRTF, and applying the rendering HRTF to
the to-be-filtered audio layer all in real-time while a user
is playing a video game.

[0009] The to-be-output audio signal may comprise a
plurality of audio layers.

[0010] The method may further comprise: selecting a
second to-be-filtered audio layer from the plurality of au-
dio layers; selecting a second rendering HRTF from the
database of HRTFs, wherein the second rendering HRTF
is different to the first rendering HRTF; and applying the
second rendering HRTF to the second to-be-filtered au-
dio layer to generate a second filtered audio layer, such
that the to-be-output audio signal is a 3D audio signal
comprising the filtered audio layer and the second filtered
audio layer.

[0011] In this way, the method selects and applies dif-
ferent HRTFs to different audio layers of the to-be-output
audio signal. As the rendering HRTF and the second ren-
dering HRTF are different, the complexities of the HRTFs
are also different and so the filtered audio layer and the
second filtered audio layer have been filtered to different
degrees, meaning they will be perceived in 3D space
differently even when the filtered audio layer and the sec-
ond filtered audio layer are played back simultaneously.
That is, playing back the to-be-output audio signal may
simultaneously play different audio layers with different
levels of 3D effects. In an example, when the rendering
HRTF is more complex and accounts for a greater
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number of hearing factors than the second rendering
HRTF, then the filtered audio layer will provide more ac-
curate externalisation and localisation than the second
filtered audio layer. Rendering 3D audio with higher com-
plexity HRTFs may require more computation than using
a simpler HRTF (for example, one with no narrow-band
notches) with the same to-be-filtered audio layer. A sec-
ond audio layer may not require a high degree of exter-
nalisation or localisation and so in this case a simpler
rendering HRTF may be used to provide the necessary
3D effects without unnecessary computation.

[0012] This method may also be performed with more
than two audio layers and/or more than two rendering
HRTFs. For example, there may be any number of audio
layers in the to-be-output audio signal, with a different
rendering HRTF applied to each audio layer. Alternative-
ly, the same rendering HRTF may be applied to multiple
differentaudio layers ifitis determined that different audio
layers should have the same level of 3D effects.

[0013] In this way, the importance of providing 3D ef-
fects to particular audio layers may be balanced with the
required processing resources while also accounting for
and minimising any impact on the timbre of an audio lay-
er.

[0014] HRTFsofthe database of HRTFs may comprise
a different subset of hearing factors from a main set of
hearing factors in a main HRTF.

[0015] The main HRTF represents an HRTF that, when
applied to an audio layer, generates a 3D audio signal
with high accuracy externalisation and localisation. The
main set of hearing factors in the main HRTF may com-
prise interaural time delay, interaural level difference, low
order frequency response features, medium-order fre-
quency response features, and one or more spectral
peaks or notches corresponding to a physical feature of
the user.

[0016] The main HRTF accounting for each of these
hearing factors ensures, when applied, the main HRTF
provides space and width of a filtered audio layer, as well
as the intended high accuracy (i.e. realistic) externalisa-
tion and height perception of the layer.

[0017] HRTFs of the database of HRTFs comprising a
different subset of hearing factors from a main setof hear-
ing factors in a main HRTF may refer to different HRTFs
including different types of hearing factors. For example,
a first HRTF may include pinna notches while a second
HRTF does not.

[0018] HRTFs of the database of HRTFs comprising a
different subset of hearing factors from a main setofhear-
ing factors in a main HRTF may also refer to different
HRTFs including the same types of hearing factors,
where the corresponding hearing factors in different
HRTFs have differentamplitudes. In this way, arendering
HRTF may be selected to further balance the level of
timbrel impact and 3D effects provided to the filtered au-
dio layer, as lower amplitude hearing factors may reduce
the timbrel impact of the HRTF while also reducing the
realism of the 3D effects.
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[0019] HRTFs and hearing factors may be personal-
ised for an individual user (i.e. the intended listener of
the to-be-output audio signal) or may be generic HRTFs
and hearing factors determined to be suitable for provid-
ing realistic 3D effects for a plurality of users. Using per-
sonalised hearing factors for an individual user will pro-
vide the most realistic 3D effects for the user. Using the
generic hearing factors provides accurate 3D effects and
ensures a sound designer can be certain of the output
timbre of a filtered audio layer.

[0020] The hearing factors of a first HRTF of the data-
base of HRTFs may comprise interaural time delay and
interaural level difference.

[0021] The first HRTF may further comprise low order
frequency response features such as a low frequency
notch and/or a high shelf filter or high roll off filter. Low
order frequency response features include features of
the HRTF which do not vary (or only minimally vary) with
either frequency or location.

[0022] The first HRTF comprising interaural time delay
and interaural level difference means the first HRTF pro-
vides a filtered audio layer with space and width, without
significantly affecting the timbre of the audio layer. In-
cluding the low order frequency response features further
enhances the perception of space and width of the filtered
audio layer without significantly affecting the timbre.
[0023] The hearing factors of a second HRTF of the
database of HRTFs may comprise interaural time delay,
interaural level difference, and medium-order frequency
response features. The medium-order frequency re-
sponse features may include medium-band boost and/or
cut filters within specific regions of the HRTF sphere.
Medium-order frequency response features include fea-
tures of the HRTF which vary with frequency and/or lo-
cation, though not on the scale of high-order features
such as pinnae notches.

[0024] The second HRTF also comprising medium-or-
der frequency response features provides more effective
externalisation and height perception than the first HRTF
without significantly affecting the timbre of the audio lay-
er.

[0025] The to-be-filtered audio layer may be selected
based on at least one of the following: an application
providing the to-be-output audio signal; an output device
configured to output the to-be-output audio signal; a pre-
set user preference; metadata of the audio layer; or anal-
ysis of the audio layer signal.

[0026] The application providing the to-be-output au-
dio signal may be the application from which the to-be-
output audio signal is obtained. Selecting the to-be-fil-
tered audio layer based on an application may mean the
audio layer is selected based on what kind of application
provides the signal - such as an audio or video streaming
service, or a video game. Selecting the to-be-filtered au-
dio layer based on an application may also mean the
audio layer is selected based on an identifier associated
with that specific application, for example such that dif-
ferent audio layers are selected as the to-be-filtered au-
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dio layers when the applications are different video
games.

[0027] An outputdevice may be headphone, surround
sound speakers, or any other output device suitable for
playing the to-be-output audio signal. Selecting the to-
be-filtered audio layer based on the output device con-
figured to output the to-be-output audio signal means the
audio layers may only be selected to be filtered if the
filtered audio layer is suitable for the intended output de-
vice.

[0028] A user may prefer certain audio layers to be
filtered based on different conditions and so can pre-set
preferences to ensure these audio layers are always fil-
tered as desired. This saves time and computing resourc-
es, while ensuring the rendered 3D audio matches the
user’s preferences. For example the user may prefer au-
dio layers corresponding to dialogue to always be filtered
with high accuracy 3D effects while audio layers corre-
sponding to music to never be filtered, so may set pref-
erences to make certain this is the case. In another ex-
ample, the user may prefer all audio layers to be filtered
to the same or different extent.

[0029] The audio layers may comprise metadata indi-
cating whether they should be selected to be filtered by
an HRTF. The metadata of the audio layer may be infor-
mation indicating whether or not the audio layer should
be filtered, what type of HRTF should be applied to the
audio layer, and/or other audio layer properties such as
spatial priority and the virtual position of the audio layer.
Selecting an audio layer based on its metadata can save
time and processing resources during the rendering of
3D audio. This information may also be available sepa-
rately to the audio layer, for example in the form of indi-
cation information obtained subsequently to obtaining
the to-be-output audio signal.

[0030] Analysis of the audio layer signal refers to an-
alysing the audio properties of the audio layer itself, for
example by analysing the waveform of the audio layer.
This analysis may be real time analysis as the audio layer
is played (as part of the to-be-output audio signal) or
about to be played. Selecting a to-be-filtered audio layer
in this manner means that the method for rendering 3D
audio is universal and can be used with any to-be-output
audio and audio layers, as the audio layer does not need
to be configured in any special manner. Analysis of the
audio layer may comprise using source separation tech-
niques where the audio signal and/or audio layerincludes
pre-mixed audio. For example, separating dialogue from
background music into distinct audio layers where the
dialogue and background music had been pre-mixed into
a single audio layer.

[0031] It will be apparent that any combination of the
above processes may be used together to select the to-
be-filtered audio layer.

[0032] The to-be-filtered audio layer may be selected
based on an audio category of the audio layer.

[0033] An audio category refers to a type or classifica-
tion of the audio layer, for example whether the audio
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assets of the audio layer correspond to music, ambient
noise such as wind or water, dialogue, footsteps etc. Us-
ing audio categories of the audio layers means that con-
sistent 3D effects may be added to audio layers of the
same type or classification, thereby providing a consist-
ent and immersive experience for the listener - and also
increasing the processing efficiency. The audio category
of the audio layer may be determined in a variety of ways
such as using metadata or analysis of the audio layer
signal.

[0034] Therendering HRTF may be selected based on
at least one of the following: an application providing the
to-be-output audio signal; an output device configured to
output the to-be-output audio signal; a pre-set user pref-
erence; metadata of the to-be-filtered audio layer; or
analysis of the to-be-filtered audio layer signal.

[0035] Different HRTFs may be more suitable for cer-
tain applications than others, therefore selecting a ren-
dering HRTF based on the application providing the to-
be-output audio signal can efficiently select an appropri-
ate rendering HRTF for the to-be-filtered audio layer.
[0036] Similarly, different HRTFs may be more suitable
for different output devices. For example, rendering re-
alistic 3D audio using headphones will require different
HRTFs than rendering realistic 3D audio using surround
speakers, even when the same to-be-output audio signal
is rendered.

[0037] Just as a user may prefer certain audio layers
to be filtered (discussed above), they may also prefer
certain audio layers to be filtered in specific ways using
certain rendering HRTFs. The user can pre-set prefer-
ences to ensure audio layers are always filtered as de-
sired, thereby providing their preferred 3D audio render-
ing experience while saving processing resources as ad-
ditional analysis of the audio layer is not required.
[0038] Metadata of the to-be-filtered audio layer may
also indicate what HRTF should be applied to the audio
layer, saving time and processing resources during the
rendering of 3D audio. This metadata may be comprised
in the to-be-filtered audio layer or available separately to
the to-be-filtered audio layer.

[0039] Analysis of the to-be-filtered audio layer signal
refers to analysing the audio properties of the to-be-fil-
tered audio layer itself, for example by analysing the
waveform of the to-be-filtered audio layer. This analysis
may be real time analysis as the to-be-filtered audio layer
is played (as part of the to-be-output audio signal) or be-
fore it is played. Selecting a rendering HRTF in this man-
ner means that the method for rendering 3D audio is uni-
versal and can be used with any to-be-output audio signal
and audio layers, as the to-be-filtered audio layer does
not need to be configured in any special manner.
[0040] The rendering HRTF may be selected based on
an audio category of the to-be-filtered audio layer.
[0041] In this way, different audio layers of a same au-
dio category may be rendered with consistent degrees
of accuracy and 3D effects, thereby improving the user
experience. For example, using the same rendering
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HRTF for all audio layers sharing a dialogue audio cat-
egory means that, after the rendering HRTF is applied,
each of the filtered audio layers will have the same level
of externalisation and localisation, ensuring a consistent
level of 3D audio rendering for all dialogue.

[0042] The plurality of audio layers may comprise a
plurality of virtual positions, and the to-be-filtered audio
layer and/or the rendering HRTF are selected based on
the virtual position of the audio layer.

[0043] The virtual position of an audio layer refers to
the location that a user is intended to perceive the audio
of the audio layer originate from. That is, the position of
the virtual sound source of the audio layer. The virtual
position of an audio layer may affect to what degree it
needs to be filtered by an HRTF to provide accurate 3D
audio rendering of the audio layer. For example, sound
sources in the same elevation plane as the listener will
not need to be filtered in the same manner as sound
sources at a different elevation to the listener in order for
each source to be localised accurately. Therefore, basing
the selection of the to-be-filtered audio layer and/or the
selection of the rendering HRTF at least in part on the
virtual positions means the to-be-filtered audio layer can
be rendered correctly and efficiently.

[0044] The plurality of audio layers may comprise a
plurality of spatial priorities, and the to-be-filtered audio
layer and/or the rendering HRTF are selected based on
the spatial priority of the audio layer.

[0045] The spatial priority of an audio layer refers to
the importance of accurately rendering the audio layer in
3D. For example, a higher spatial priority may indicate
that an audio layer should be selected as a to-be-filtered
audio layer, and that a higher complexity rendering HRTF
with better localisation should be used to filter the to-be-
filtered audio layer. In a specific example, an audio layer
corresponding to a sudden, directional noise such as a
gunshot may have a higher spatial priority than an audio
layer corresponding to a omnidirectional noise such as
wind. There may be metadata or other indication infor-
mation that identifies the spatial priority of an audio layer,
alternatively the spatial priority of an audio layer may be
determined through other means such as analysis of the
audio layer signal. The spatial priority of an audio layer
may be linked to or determined by an audio category of
the audio layer, or may be associated solely with the in-
dividual audio layer and unrelated to an audio category
of the audio layer.

[0046] The to-be-output audio signal may be obtained
from a database, a multimedia entertainment system, or
a streaming service.

[0047] According to a second aspect, the present dis-
closure provides a system for rendering 3D audio, where-
in the system is configured to perform a method accord-
ing to the first aspect.

[0048] According to a third aspect, the present disclo-
sure provides a system for rendering 3D audio, the sys-
tem comprises: an obtaining unit configured to obtain a
to-be-output audio signal, wherein the to-be-output audio
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signal comprises one or more audio layers; a selecting
unit configured to select a to-be-filtered audio layer from
the one or more audio layers, and a rendering Head-
Related Transfer Function, HRTF, from a database of
HRTFs; a rendering unit configured to apply the render-
ing HRTF to the to-be-filtered audio layer to generate a
filtered audio layer, such that the to-be-output audio sig-
nal comprises the filtered audio later and is a 3D audio
signal.

[0049] In some examples of the second and third as-
pects, the system may be an audio system or an audio-
visual system such as a multimedia entertainment con-
sole, a game console, or a virtual reality system.

[0050] According to a fourth aspect, there is provided
a computer program comprising computer-readable in-
structions which, when executed by one or more proc-
essors, cause the one or more processors to perform a
method according to the first aspect.

[0051] According to a fifth aspect, there is provided a
non-transitory storage medium storing computer-reada-
ble instructions which, when executed by one or more
processors, cause the one or more processors to perform
a method according to the first aspect.

BRIEF DESCRIPTION OF DRAWINGS

[0052] Embodiments oftheinventionare described be-
low, by way of example only, with reference to the ac-
companying drawings, in which:

Fig. 1A schematically illustrates HRTFs in the con-
text of a real sound source offset from a user;

Fig. 1B schematically illustrates an equivalent virtual
sound source offset from a user in audio provided

by headphones;

Fig. 2 illustrates headwidth as a hearing factor for an
HRTF;

Fig. 3 illustrates pinna features as hearing factors
for an HRTF;

Fig. 4A schematically illustrates a to-be-output audio
signal before a rendering HRTF has been applied;

Fig. 4B schematically illustrates the to-be-output au-
dio signal after a rendering HRTF has been applied;

Figs. 5A-5D schematically illustrate several HRTFs
for applying to an audio layer;

Fig. 6 schematically illustrates a method for render-
ing 3D audio.

DETAILED DESCRIPTION

[0053] Fig. 1A schematically illustrates HRTFs in the
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context of a real sound source offset from a user.
[0054] As shown in Fig. 1A, the real sound source 10
is in front of and to the left of the user 20, at an azimuth
angle 0 in a horizontal plane relative to the user 20. The
effect of positioning the sound source 10 at the angle 6
can be modelled as a frequency-dependent filter h, (6)
affecting the sound received by the user’s left ear 21 and
a frequency-dependent filter hg(6) affecting the sound
received by the user’s right ear 22. The combination of
hi (6)and hr(0)is a head-related transfer function (HRTF)
for azimuth angle 6.

[0055] More generally, the position of the sound source
10 can be defined in three dimensions (e.g. range r, az-
imuth angle 6 and elevation angle ¢), and the HRTF can
be modelled as a function of three-dimensional position
of the sound source relative to the user.

[0056] The sound received by the each of the user’s
ears is affected by numerous hearing factors, including
the following examples:

* The distance wy between the user’s ears 21, 22
(which is also called the "head width" herein) causes
a delay between sound arriving at one ear and the
same sound arriving at the other ear (an interaural
time delay). This distance wy is illustrated in Fig. 2.
Other head measurements can also be relevant to
hearing and specifically relevant to interaural time
delay, including head circumference, head depth
and/or head height.

e Each of the user’s ears has a different frequency-
dependent sound sensitivity (i.e. the user’'s ears
have an interaural level difference).

e The shape of the user’s outer ear (pinna) creates
one or more resonances or antiresonances, which
appear in the HRTF as spectral peaks or notches
with significant amplitude changes at precise fre-
quencies. Fig. 3 illustrates pinna features 320, 330.
In this example the pinna features are contours of
the ear shape which affect how sound waves are
directed to the auditory canal 310. The length and
shape of the pinna feature affects which sound wave-
lengths are resonant or antiresonant with the pinna
feature, and this response also typically depends on
the position and direction of the sound source. Fig.
3 is referenced again later in the specification when
describing how to obtain pinna features in a method
ofgenerating an HRTF for an individual user. Further
spectral peaks or notches may be associated with
other physical features of the user. For example, the
user’s shoulders and neck may affect how sound is
reflected towards their ears. For at least some fre-
quencies, more remote physical features of the user
such as torso shape or leg shape may also be rele-
vant.

e The complexity of an HRTF feature may also be re-
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ferred to by its order. That is, a low order feature has
lower complexity than a medium or high order fea-
ture. The order of an HRTF may correspond to how
much the amplitude varies with frequency and/or lo-
cation of the sound source. For example, a low order
feature such as simple interaural level difference will
correspond to amplitude changes between the ears
which vary smoothly and predictably with location,
with frequency having a negligible impact. Mean-
while, a medium-order frequency response feature
may be related to torso reflections or head circum-
ference and be represented as a frequency band-
boost filter which is gradually applied within a large
area of the surrounding location. Finally, high-order
frequency response features, such as pinnae notch-
es can be represented with high magnitude ampli-
tude which varies significantly with frequency and
location. It will be apparent that the above are merely
examples of low, medium, and high-order frequency
response features to help illustrate the methods dis-
closed herein and the invention is not limited to these
examples.

[0057] Each of these factors may be dependent upon
the position of the sound source. As aresult, these factors
are used in human perception of the position of a sound
source. An HRTF thatincludes a larger amount of hearing
factors is generally considered more "complex" than an
HRTF that includes less hearing factors, though in prac-
tice different some hearing factors (such as a pinna
notch) are individually more complex than others (such
as interaural time delay).

[0058] When the sound source is distant from the user,
the HRTF is generally only dependent on the direction
of the sound source from the user. On the other hand,
when the sound source is close to the user the HRTF
may be dependent upon both the direction of the sound
source and the distance between the sound source and
the user.

[0059] Fig. 1B schematically illustrates an equivalent
virtual sound source offset from a user in audio provided
by headphones 30. Herein "headphones" generally in-
cludes any device with an on-ear or in-ear sound source
for atleast one ear, including VR headsets and ear buds.
[0060] As shown in Fig. 1B, the virtual sound source
10 is simulated to be atthe azimuth angle 6 in a horizontal
plane relative to the user 20. This is achieved by incor-
porating the HRTF for a sound source at azimuth angle
0 as part of the sound signal emitted from the head-
phones. More specifically, the sound signal from left
speaker 31 of the headphones 30 incorporates h (6) and
the sound signal from right speaker 32 of the headphones
30 incorporates hg(0). Additionally, inverse filters h-1
and h-1g, may be applied to the emitted signals to avoid
perception of the "real" HRTF of the left and right speak-
ers 31, 32 at their positions LO and RO close to the ears.
[0061] In general, HRTFs are complex and cannot be
straightforwardly modelled as continuous function of fre-
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quency and sound source position. To reduce storage
and processing requirements, HRTFs are commonly
stored as tables of HRTFs for a finite set of sound source
positions, and interpolation may be used for source
sources at other positions. An HRTF for a given sound
source position may be stored as a Finite Impulse Re-
sponse (FIR) filter, for example. In one case, the set of
sound source positions may simply include positions
spaced across a range of azimuth angles 6 (without ad-
dressing effects of range or elevation). In some cases,
elevation may be modelled, for example by using a cor-
recting factor that affects left and right ears symmetrical-
ly.

[0062] Even with such finite sets, a significant amount
of data must be obtained to model the frequency-depend-
ent and position-dependent HRTF for an individual user.
More accurate (i.e. providing better localisation) HRTFs
require a greater number of hearing factors to be includ-
ed. However, the increased localisation of the 3D audio
may have trade-offs such as needing greater processing
resources to filter an audio signal.

[0063] Some of the hearing factors can also impact the
timbre of an audio signal, changing the resulting audio
heard by a listener. Timbre, also known as tone colour
ortone quality, refers to the perceived characteristics and
quality of a sound or tone. Two sounds may have the
same pitch and volume but still sound different to a lis-
tener, this is due to the different timbre of the sound.
Applying an HRTF with timbre-influencing hearing fac-
tors to an audio signal can result in the filtered audio
sounding differently to the unfiltered audio signal and to
what was intended.

[0064] Accordingly, the presentinvention seeks to pro-
vide an efficient way of rendering 3D audio without im-
pacting the timbre of an audio signal.

[0065] Fig.6 schematicallyillustrates a method for ren-
dering 3D audio. Figs. 4A and 4B, and Figs. 5A-5D are
used as exemplary references to describe an implemen-
tation of the method for rendering 3D audio.

[0066] In step S610, a to-be-output audio signal is ob-
tained, where the audio signal comprises one or more
audio layers.

[0067] Figs.4Aand 4B schematically illustrate a to-be-
output audio signal 410 intended for playback to a listen-
er. The audio signal 410 of Fig. 4A comprises afirst audio
layer 411, second audio layer 412, third audio layer 413,
and fourth audio layer 414, with each audio layer repre-
senting a different audio asset or group of audio assets.
For example, the first audio layer 411 may correspond
to dialogue, the second audio layer 412 may correspond
to a footstep sound effect, the third audio layer 413 may
correspond to ambient sound effects (such as wind), and
the fourth audio layer 414 may correspond to music.

[0068] In step S620, a to-be-filtered audio layer is se-
lected from the audio layers of the to-be-output audio
signal.

[0069] The to-be-filtered audio layer may be selected
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application which is providing the to-be-output audio sig-
nal 410, an output device configured to output the to-be-
output audio signal 410, a pre-set preference of the user
who will be listening to the audio signal 410, metadata
of the audio layer, an audio category of the audio layer,
and/or analysis of the audio layer signal (for example,
through real-time analysis of the waveform of the audio
layer itself). The metadata may be simple marker for
whether or not a HRTF should be applied, the type of
HRTF or filtering to be applied, and other audio layer
properties such as spatial priority, the virtual sound
source and virtual position of the sound source. This in-
formation can also be provided in other forms, such as
identification information obtained separately from the
audio layer.

[0070] Instep S630,arendering HRTF is selected from
a database of HRTFs. The rendering HRTF is an HRTF
to be applied to the to-be-filtered audio layer to render
that audio layer in 3D audio form. Differences in the HRT-
Fs will mean the 3D effects of the filtered audio layer will
sound different to a user, depending on which HRTF is
selected as the rendering HRTF. Forexample, one HRTF
may make a listener perceive the audio of the filtered
audio layer as originating from a specific point above the
listener and to their left, while applying a different HRTF
could result in the same listener perceiving the audio as
originating generally from their left without a specific az-
imuthal direction or elevation being distinguishable. Dif-
ferent HRTFs may be more appropriate depending on
the to-be-filtered audio layer.

[0071] Similarly to selecting the to-be-filtered audio
layer, the rendering HRTF may also be selected through
a variety of methods such as being based on application
providing the to-be-output audio signal 410, an output
device configured to output the to-be-output audio signal
410, a pre-set preference of a user, an audio category
of the to-be-filtered audio layer, metadata of the to-be-
filtered audio layer, and/or analysis of the to-be-filtered
audio layer signal.

[0072] In step S640, the rendering HRTF is applied to
the to-be-filtered audio layer to generate a filtered audio
layer.

[0073] Applying the rendering HRTF to the to-be-fil-

tered audio layer typically refers to the process of calcu-
lating a received sound y(f, f); an audio layer x(f, t) trans-
mitted by the sound source is combined with (e.g. multi-
plied by, or convolved with) the transfer function H(f). The
filtered audio layer is a 3D audio layer, and so as the to-
be-output audio signal 410 comprises the filtered audio
layer, this means that the to-be-output audio signal 410
is a 3D audio signal.

[0074] Themethod of Fig. 6 only requires a single audio
layer to be selected and have a rendering HRTF applied.
However, in other implementations of the method, further
audio layers may also be selected as to-be-filtered audio
layers, with HRTFs selected and applied to each of them.
[0075] Fig. 4B shows the to-be-output audio signal410
of Fig. 4A after the method of Fig. 6 has been applied,
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and where several other audio layers of the to-be-output
audio signal 410 have also been filtered by HRTFs. Spe-
cifically, the first audio layer 411, the second audio layer
412, and the third audio layer 413 have each been filtered
using an HRTF(s) and are shown in Fig. 4B as the first
filtered audio layer 421, the second filtered audio layer
422, and the third filtered audio layer 423 respectively.
No HRTF was applied to the fourth audio layer 414 and
so it remains in the to-be-output audio signal 410 of Fig.
4B in an unfiltered, non-3D audio state. It will therefore
be apparent that, after application of the present meth-
ods, the to-be-output audio signal 410 includes a mixture
of filtered (i.e. 3D) audio layers and non-filtered audio
layers, so that when the audio signal is output, a portion
of the signal will sound externalised and localised to a
listener while another portion will not (for example, the
non-filtered audio layers might be heard as mono or ster-
eo audio).

[0076] The same rendering HRTF may be applied to
each of the first, second and third audio layers 411, 412,
413 of the to-be-output audio signal 410. Alternatively,
different HRTFs may be applied to different audio layers.
For example by applying a first rendering HRTF to the
firstand second audio layers 411 and 412, with a second
rendering HRTF being applied to the third audio layer
413. In another example a firstrendering HRTF is applied
to the first audio layer 411, a second rendering HRTF is
applied to the second audio layer 412, and a third ren-
dering HRTF is applied to the third audio layer 413. This
means different degrees of 3D effects can be applied to
differentaudiolayers in the to-be-outputaudio signal 410.
[0077] Figs. 5A to 5D illustrate how different HRTFs
may vary from each other due to accounting for different
hearing factors, and so provide different 3D effects when
applied to a to-be-filtered audio layer.

[0078] The first HRFT 510 shown in Fig. 5A comprises
five hearing factors (hearing factor 1, hearing factor 2,
hearing factor 3, hearing factor 4, and hearing factor 5),
while the second HRTF 520 shown in Fig. 5B only in-
cludes three hearting factors (hearing factor 1, hearing
factor 2, and hearing factor 4). As the first HRTF 510
includes the same hearing factors as the second HRTF
520, and other additional hearing factors, the first HRTF
510 is more complex and provides more 3D effects than
the second HRTF 520 - for example greater and more
accurate externalisation and localisation. However, this
may also mean applying the first HRTF 510 to an audio
layer requires a greater number of computational re-
sources than applying the second HRTF 520.

[0079] Different HRTFs may also vary from each other
due to the amplitude of hearing factors. For example, an
HRTF-A (not shown) may include the same number and
types of hearing factors as an HRTF-B (also not shown).
However, in HRTF-A the spectral features associated
with one or more of the hearing factor(s) are lower than
the corresponding spectral features for the same hearing
factor(s) in HRTF-B. The lower amplitude may reduce
the timbrel impact of HRTF-A relative to HRTF-B, but
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may also reduce the realism of the 3D effects.

[0080] Figs. 5C and 5D show specific examples of dif-
ferent HRTFs. The main HRTF 530 shown in Fig. 5C is
a high complexity HRTF which, when applied to a to-be-
filtered audio layer, provides significant levels of 3D ef-
fects. The hearing factors of the main HRTF 530 include
interaural time delay, interaural level difference, low fre-
quency features of an HRTF spectrum, medium frequen-
cy features of an HRTF spectrum, and pinna notches.
By contrast, the second HRTF 520 shown in Fig. 5D only
includes a subset of those hearing factors of the main
HRTF 530 - specifically the interaural time delay, inter-
aural level difference, and medium frequency features
hearing factors. Both the main HRTF 530 and the second
HRTF 520 confer 3D effects when applied to an audio
layer, however the additional hearing factors present in
the main HRTF 530 mean it provides highly realistic ex-
ternalisation and height perception of filtered audio (rel-
ative to the second HRTF 520). It will be apparent that
the hearing factors described in relation to the main HRTF
530 are examples and that the invention is not limited to
using HRTFs with those specified hearing factors, or a
subset of those factors.

[0081] Having described aspects of the disclosure in
detail, it will be apparent that modifications and variations
are possible without departing from the scope of aspects
of the disclosure as defined in the appended claims. As
various changes could be made in the above methods
and products without departing from the scope of aspects
of the disclosure, it is intended that all matter contained
in the above description and shown in the accompanying
drawings shall be interpreted as illustrative and not in a
limiting sense.

Claims

1. A method for rendering 3D audio, the method com-
prising:

obtaining a to-be-output audio signal, wherein
the to-be-output audio signal comprises one or
more audio layers;

selecting a to-be-filtered audio layer from the
one or more audio layers;

selecting a rendering Head-Related Transfer
Function, HRTF, from a database of HRTFs;
applying the rendering HRTF to the to-be-fil-
tered audio layer to generate afiltered audio lay-
er, such that the to-be-output audio signal com-
prises the filtered audio layer and is a 3D audio
signal.

2. The method of claim 1, wherein the to-be-output au-
dio signal comprises a plurality of audio layers.

3. The method of claim 2, further comprising:
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selecting a second to-be-filtered audio layer
from the plurality of audio layers;

selecting a second rendering HRTF from the da-
tabase of HRTFs, wherein the second rendering
HRTF is different to the rendering HRTF; and
applying the second rendering HRTF to the sec-
ond to-be-filtered audio layer to generate a sec-
ond filtered audio layer, such that the to-be-out-
put audio signal is a 3D audio signal comprising
the filtered audio layer and the second filtered
audio layer.

The method of claim 3, wherein the rendering HRTF
is personalised for anindividual user, and the second
rendering HRTF is a generic HRTF for a plurality of
users.

The method of any preceding claim, wherein HRTFs
of the database of HRTFs comprises a different sub-
set of hearing factors from a main set of hearing fac-
tors in a main HRTF.

The method of claim 5, wherein the main set of hear-
ing factors in the main HRTF comprises interaural
time delay, interaural level difference, low order fre-
quency response features, medium-order frequency
response features, and one or more spectral peaks
or notches corresponding to a physical feature of the
user.

The method of claim 6, wherein the hearing factors
of a first HRTF of the database of HRTFs comprise
interaural time delay and interaural level difference.

The method of claim 6 or 7, wherein the hearing fac-
tors of a second HRTF of the database of HRTFs
comprise interaural time delay, interaural level dif-
ference, and medium-order frequency response fea-
tures.

The method of any of claims 5 to 8, wherein hearing
factors of a third HRTF of the database of HRTFs
are the same type of hearing factors as the hearing
factors in the main HRTF; and

wherein at least one hearing factor of the third HRTF
has a different amplitude to the corresponding hear-
ing factor of the main HRTF.

The method of any preceding claim, wherein the to-
be-filtered audio layer is selected based on at least
one of the following:

an application providing the to-be-output audio
signal;

an output device configured to output the to-be-
output audio signal;

a pre-set user preference;

metadata of the audio layer; or
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1.

12.

13.

14.

15.

16.

17.

analysis of the audio layer signal.

The method of any preceding claim, wherein the to-
be-filtered audio layer is selected based on an audio
category of the audio layer.

The method of any preceding claim, wherein the ren-
dering HRTF is selected based on at least one of the
following:

an application providing the to-be-output audio
signal;

an output device configured to output the to-be-
output audio signal;

a pre-set user preference;

metadata of the to-be-filtered audio layer; or
analysis of the to-be-filtered audio layer signal.

The method of any preceding claim, wherein the ren-
dering HRTF is selected based on an audio category
of the to-be-filtered audio layer.

The method of claim 2 and any of claims 3 to 13,
wherein the plurality of audio layers comprise a plu-
rality of virtual positions, and the to-be-filtered audio
layer and/or the rendering HRTF are selected based
on the virtual position of the audio layer.

The method of claim 2 and any of claims 3 to 14,
wherein the plurality of audio layers comprise a plu-
rality of spatial priorities, and the to-be-filtered audio
layer and/or the rendering HRTF are selected based
on the spatial priority of the audio layer.

The method of any preceding claim, wherein the to-
be-output audio signal is obtained from a multimedia
entertainment system.

A system for rendering 3D audio, the system com-
prising:

an obtaining unit configured to obtain a to-be-
output audio signal, wherein the to-be-output
audio signal comprises one or more audio lay-
ers;

a selecting unit configured to select a to-be-fil-
tered audio layer from the one or more audio
layers, and a rendering Head-Related Transfer
Function, HRTF, from a database of HRTFs;

a rendering unit configured to apply the render-
ing HRTF to the to-be-filtered audio layer to gen-
erate a filtered audio layer, such that the to-be-
output audio signal comprises the filtered audio
later and is a 3D audio signal.
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